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This paper discusses the modeling of round tube plate fin heat exchanger (RTPF) and microchannel heat exchanger 
(MCHX) under wet air conditions. The heat exchanger models are based on finite volume method. In each control 
volume, the empirical heat transfer and pressure drop correlations for refrigerant and air are adopted and the 
effectiveness-NTU method is applied for heat transfer calculation. For the round tube heat exchanger, the tube 
circuiting is considered. For microchannel heat exchanger, both uniform distribution and maldistribution among 
parallel microchannel tubes are investigated and compared. When the inlet air dew point temperature is higher than 
the heat exchanger surface temperature, dehumidification of air occurs. Two methods are compared to simulate the 
wet air condition: (1) the air side is simulated based on the total enthalpy method; (2) the air side is simulated based 
on heat and mass transfer method. The heat exchanger models are validated against the experimental results of a 2.5 
ton residential air-conditioning system. The experiment was conducted based on AHSI/AHRI standard 210/240 at 
A, B (wet coils), and C (dry coil) conditions with either round tube evaporator or microchannel evaporator. The 
microchannel heat exchanger was tested at both direct expansion (DX) and flash gas bypass (FGB) conditions. The 




Round tube heat exchangers with plate fins (RTPF) have been widely used in the residential air-conditioning system, 
while microchannel heat exchanger (MCHX) starts to being applied in such application after its success in 
automotive air-conditioning system. Microchannel heat exchanger is more compact than round tube heat exchanger, 
and it usually has better heat transfer than round tube heat exchanger. Thus, for the same capacity, MCHX is 
typically lighter and requires less refrigerant charge. It is necessary to model RTPF and MCHX accurately to design 
and optimize the residential air conditioning system. The objective of this study is to develop models to simulate 
round tube and microchannel evaporators. When the heat exchanger surface temperature is lower than the inlet air 
dew point temperature, dehumidification occurs on the air side of the evaporator. The first part of this paper 
compares the two methods of modeling the dehumidification process.  
 
For microchannel heat exchanger, especially for evaporator, refrigerant maldistribution among parallel microchannel 
tubes may reduce MCHX capacity significantly. For microchannel evaporator, refrigerant maldistribution creates 
unwanted superheated region where the temperature difference between refrigerant and air is much lower and the 
heat transfer coefficient of superheated vapor is much lower than the two-phase region. Therefore, the heat transfer 
between refrigerant and air in this unwanted superheated region is much lower, resulting in lower capacity than the 
uniform distribution case. The second part of this paper discusses MCHX model considering refrigerant 
maldistribution (either with or without dehumidification on the air side). 
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2. EXPERIMENTAL METHOD 
 
The modeling results are compared with the experimental results of a 2.5 ton residential air-conditioning system in 
Air-Conditioning and Refrigeration Center at University of Illinois. The experimental setup consists of two 
environmental chambers which are used to simulate indoor and outdoor conditions. One insulated wind tunnel is 
placed in each chamber, and each wind tunnel is equipped with a variable speed blower to simulate different air flow 
rate conditions. Figure 1 shows the schematic of the experimental facility. The uncertainties for capacity and COP 
are ±3% (both refrigerant side and air side) and ±5% respectively. 
 
 
Figure 1: System schematic   
 
The original system containing a RTPF evaporator is a high efficiency off the shelf residential system which can be 
used for both air-conditioning and heat pump. It has a rated capacity of 7kW and 20.5 SEER cooling efficiency. The 
indoor unit has an A-shaped RTPF evaporator and an installed thermal expansion valve (TXV). The outdoor unit has 
a RTPF condenser, a variable speed scroll compressor and an accumulator. The system was tested under three 
conditions (A, B and C) from AHRI Standard 210/240 (2008). Upon completion of the experiments of the original 
system, the RTPF evaporator was replaced by a commercially available microchannel heat exchanger, and the same 
experiments was repeated for the new system. Table 1 presents the geometric information of the round tube and 
microchannel evaporators. 
 
Table 1: RTPF and MCHX evaporator geometries 
 
 RTPF MCHX 
Fin   
Fin density [FPI] 14.5 12 
Fin thickness [mm] 0.1 0.094 
Fin height [mm] - 7.874 
Louver angle [deg] - 28 
Louver height [mm] - 7 
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Louver pitch [mm] - 1.1 
Tube   
Port dimensions [mm] - 1.29 x 0.61 
Port number [-] - 26 
Transverse spacing [mm] 25.4 - 
Longitudinal spacing [mm] 19 - 
Tube dimensions [mm] OD 9.5 (ID 9) 27 x 1.93 
Tube number [-] 30 per row 44 per row 
Row number [-] 3 2 
Heat exchanger   
Height [m] 1.522 0.734 
Width [m] 0.445 0.44 
Depth [m] 0.057 0.062 
Face area [m2] 0.675 0.3224 
Air side heat transfer area [m2] 37.5 18.1 
 
2. MODEL DESCRIPTION 
 
The heat exchanger models are based on finite volume method. It is programmed in the software Engineering 
Equations Solver (EES). In each control volume, the empirical heat transfer and pressure drop correlations for 
refrigerant and air are adopted and the effectiveness-NTU method is applied for heat transfer calculation. For round-
tube heat exchanger, the tube circuiting is imposed. For microchannel heat exchanger, it is assumed uniform 
distribution among parallel microchannel tube at first. Later, refrigerant maldistribution is considered in the model. 
The selected heat transfer and pressure drop correlations on both refrigerant side and air side are listed in Table 2.  
 
Table 2: Summary of selected heat transfer and pressure drop correlations 
 
 Correlations 
Air side  
RTPF heat transfer coefficient Wang et al. (2000) 
RTPF pressure drop Wang et al. (2000) 
MCHX heat transfer coefficient Chang and Wang (1997) 
MCHX pressure drop Chang et al. (1994) 
Dehumidification Threlkeld (1970) 
Refrigerant side – two-phase region  
Heat transfer coefficient Chen (1966) 
Void fraction Zivi (1964) 
Gravitation pressure drop Homogeneous model 
Acceleration pressure drop Homogeneous model 
Friction pressure drop Friedel (1979) 
Refrigerant side – single phase region  
Heat transfer coefficient Gnielinski (1979) 
Friction pressure drop Churchill (1979) 
 
When the heat exchanger surface temperature is lower than the inlet air dew point temperature, dehumidification 
occurs on the air side of the RTPF or MCHX. Two methods are available from the literature to simulate the 
dehumidification process. One method is the total enthalpy method. It was proposed by Threlkeld (1970). In this 
approach, the enthalpy difference, instead of the temperature difference, of the moist air is the driving force for heat 
transfer on the wet coil. This method had been widely used in heat exchanger modelling, e.g. in Wu and Webb 
(2002) and Gossard et al. (2013). In other papers, the heat and mass transfer method was applied to simulate the 
dehumidification process, e.g. in Jiang et al. (2006) and Hassan et al. (2016). In this study, both methods are 
evaluated and the effectiveness-NTU method is used to calculate heat transfer. 
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2.1 Air Side Dehumidification 
 
2.1.1 Total enthalpy method  
 
As in Threlkeld (1970), it was assumed that the thermal resistance of the wall is negligible in each segment and the 
fin and tube are covered by a thin film of water with thickness yw. The overall enthalpy transport coefficient for wet 
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where is,iw, is,ow, is,r are fictitious enthalpies of saturated moist air at the temperatures of Tiw (the wall inner surface 
temperature), Tow (the wall outer surface), and Tr ( the refrigerant temperature), respectively. 
 













































































where ha is the sensible heat transfer coefficient for wet surface which is similar as that for dry surface, and yw is the 
thickness of condensation water film which is assumed as 0.1mm (Myers, 1967). Note that the total air-side heat 
transfer coefficient haw is about twice ha in common operating conditions and therefore the water-side fraction of the 
total thermal resistance is 20–32% (Kim and Bullard, 2002). 
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With the overall heat transfer coefficient for the wet surface, the effectiveness-NTU method, as in the following 
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  ri,saiminmax iiCQQ    (13)  
 
where iai is the inlet enthalpy of the moist air and is,ri is the fictitious enthalpy of saturated moist air at the refrigerant 
inlet temperature Tri. 
 
2.1.2 Heat and mass transfer method 
 
In another approach to model the wet coil, the sensible and the latent heat are calculated separately. The sensible 
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On the other hand, the latent heat is calculated based on the mass transfer coefficient and heat of vaporization of 
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where  10112  P,r,TT,OAirHHumRatw ww,s  (21) 
 
2.2 Refrigerant Maldistribution in MCHX 
Unlike the round tube heat exchanger, microchannel heat exchanger usually has refrigerant maldistribution among 
parallel microchannel tubes. It may result in up to 30% capacity reduction compared to uniform distribution, e.g. in 
Byun and Kim (2011) and Zou et al. (2014). If refrigerant maldistribution is not considered in the modeling, it may 
cause significant deviation. Tuo and Hrnjak (2011) developed an experimentally-validated model of MCHX. The 
model was extended to evaluate the impact of maldistribution on the performance of multi-pass MCHX with vertical 
headers in Zou et al. (2013). In this study, the simulation of dehumidification on the air side is added into this 
MCHX model.  
 
To simulate the maldistribution, the quality distribution or liquid flow rate distribution among the parallel 
microchannel tubes have to be input into the model. Some previous studies have derived empirical distribution 
functions based on their experimental results. Vist (2003) applied the results of T-junction studies to develop a 
quality distribution function at the round tube junction in the horizontal cylindrical header. Jin (2006) proposed a 
distribution function in the horizontal header by relating the branch tube quality with the ratio of vapor mass flux in 
the header immediately upstream to total inlet vapor mass flux. Watanabe et al. (1995) defined the liquid take-off 
ratio as the ratio of liquid mass flow rate in the branch tube to liquid mass flow rate in the vertical header 
immediately upstream. In annular flow, the liquid take-off ratio was constant. In froth or slug flow, the liquid take-
off ratio was a function of vapor phase Reynolds number and liquid phase Weber number in the header immediately 
upstream. Vapor was considered as equally distributed among the tubes based on the measurement. Byun and Kim 
(2011) applied this approach to relate both vapor and liquid take-off ratio with vapor phase Reynolds number in the 
vertical header immediately upstream. With the wider range of test conditions and more fluids, Zou and Hrnjak 
(2013a, 2013b, 2015) found the inlet quality and liquid phase Froude number were also important parameters to 
liquid take-off ratio. Zou and Hrnjak (2015) generalized R134a and R410A distribution by relating the liquid take-
off ratio with the header inlet quality as well as the vapor phase Reynolds number and liquid phase Froude number 
in the header immediately upstream. 
 
However, if the geometries of MCHX are very different from those in the literature, the empirical distribution 
functions may not be appropriate to be applied in the model. Another method to obtain the distribution profile and 
input into the model is based on the infrared image of MCHX during experiment. This doesn’t require a special test 
facility to measure liquid mass flow rate in each tube to determine distribution. It can be achieved for any MCHX in 
any system during normal operation with an infrared camera. Li and Hrnjak (2015) developed the procedure to 
quantify the liquid flow rate distribution based on the infrared images. The details of procedure can be found in Li 
and Hrnjak (2015). In summary, the procedure to achieve distribution quantification is to 1) identify the transition 
line between two-phase region and superheated region on the heat exchanger surface; 2) apply the following 































 (22)  
This approach is adopted in this study to obtain the distribution profile of the tested MCHX, and the quality of each 
tube is input into the MCHX model. As shown in Figure 2, there are several flow paths inside the MCHX due to the 
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Since the pressure difference between each flow path should be equal, the flow rate of each microchannel tube is 
iterated in the model based on the different tube inlet quality.  
 
 
Figure 2: MCHX schematic 
 
3. RESULTS AND DISCUSSION 
 
Figure 3 presents the simulation results of round tube and microchannel heat exchangers under both dry (C 
condition) and wet (A and B conditions) conditions. It is assumed uniform distribution in MCHX in Figure 3. For 
both round tube and microchannel heat exchangers, the simulated capacity error is within ±10% of the experimental 
results. Comparing the total enthalpy method with the heat and mass transfer method for simulating the 
dehumidification process, the results are very similar. Thus, either method can be used to simulate the wet coil. 
However, the heat and mass transfer method is much easier to program, so it will be used for future analysis. 
 
 
Figure 3: Comparison between model and experiment on HX capacity 
 
The tested MCHX has two slab. Figure 4(a) shows the infrared image of the second slab where the superheat is 
present. In the second slab of this MCHX, the refrigerant is flowing downward in the tube and exit the heat 
exchanger at the bottom right. As illustrated in Figure 4(a), refrigerant maldistribution among the parallel 
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microchannel tubes creates unwanted superheat region at the bottom left (the red part), while the middle tubes are 
still in two-phase region. The middle tubes have more liquid than the tubes on the sides. Especially, the tubes on the 
left side have much less liquid. It results in these tubes to be superheated earlier than other tubes. Thus, the infrared 
image shows red, i.e. higher temperature in this region. Applying the method of Li and Hrnjak (2015), the 
distribution profile is obtained. Figure 4(b) shows the quality distribution results based on the infrared image in 
Figure 4(a). As expected, the tubes on two sides, especially those on the left side, have higher qualities than the 
tubes in the middle. These quality distribution results are input into the model for simulation. It is noted that the 
approach of Li and Hrnjak (2015) is based on the dry coil, so the approach may not work well with the wet coil. 
Future work will improve the procedure for wet coil. In this paper, the refrigerant distribution based on the dry coil 
experiment, i.e. at C condition, is used for both dry and wet coil modeling. Because the measured refrigerant mass 
flow rate and inlet quality are similar for A, B and C conditions, i.e. mass flow rate is 5% higher and inlet quality is 
0.045 higher at A condition, the distribution is believed to be similar. This assumption is valid because according to 
previous studies, when the MCHX header inlet mass flow rate and quality are similar, the flow regime in the header 
and refrigerant distribution among parallel tubes doesn’t change much for the same fluid. 
 
 
(a) Infrared image from experiment at C condition 
 
 
(b) Quality distribution based on the infrared image at C condition 
 
Figure 4: Refrigerant distribution from the experimental results 
 
The modeling results with refrigerant maldistribution are shown in Figure 5. Refrigerant maldistribution results in 
5% capacity reduction for the microchannel heat exchanger for both wet and dry conditions. For this specific coil, 
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the refrigerant distribution is not very bad, so the effect of maldistribution on the capacity is not very significant. 
Even without considering maldistribution in the modeling, the simulation results are very close to the experimental 
results. However, for some other MCHX, e.g. as in Byun and Kim (2011) and Zou et al. (2014), the maldistribution 
is more severe. The deviation of the capacity may be up to 30% if refrigerant maldistribution is not considered. 
 
 




This paper discusses the simulation of round tube and microchannel heat exchanger under both dry and wet air 
conditions. When the heat exchanger surface temperature is lower than the inlet air dew point temperature, water 
vapor of the moist air will be condensed on the heat exchanger and the heat exchangers become wet. To simulate 
this dehumidification process, the total enthalpy method and heat and mass transfer method are applied and 
compared. The simulation results of these two methods are very similar, i.e. both within ±10% of the measured 
capacity, however, the heat and mass transfer method is easier to program. For MCHX modeling, refrigerant 
maldistribution is also considered based on the experimental results. For the tested MCHX with relatively good 





A Heat transfer area (m2) 
h Heat transfer coefficient (kW/m2-K) 
i Enthalpy (kJ/kg) 
P Pressure (kPa) 
r Relative humidity (-) 
T Temperature (oC) 
w Humidity ratio (kg/kga)  
   
Subscript   
a air side or dry air 
aw moist air  
i inlet 
iw inner surface of the wall 
l liquid 
o outlet 
ow outer surface of the wall 
r refrigerant side 
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